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mm 11 (NPTH)可作爲選擇標記基因，而好-葡«酸酶貝【』作爲植 
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累，可達總蛋白質含量3-10%�但氨基酸分析(Amino acid analysis) 
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已經獲得並將用於以後的分析工作。 
Thesis Committee 
Prof. S. S. M. Sun (Supervisor) 
Prof. H. S. Kwan (Memal examiner) 
Prof. M. C. Fung (totemal examiner) 
Prof. T. C. Hall ^)xtemal examiner) 
i 
Abstract 
Plants are the primary source of all proteins consumed by human and 
livestock. However, most plant proteins are deficient in certain essential 
amino acids, to general, cereal proteins are low in lysine and tryptophan 
while legume and most vegetable proteins are deficient in methionine and 
cysteine. As previous efforts using traditional breeding approaches to 
increase the content of essential amino acids have achieved only limited 
success, we are attempting to find, using Arabidopsis as a model plant, if 
it is feasible to increase the essential lysine content in plants through 
molecular approaches. We had earlier cloned a cDNA encoding a seed 
protein of winged bean containing 10 mol % lysine. This lysine-rich 
protein (LRP) cDNA was used to construct chimeric genes under the 
control ofthe regulatory regions from the phaseolin gene ofFrench bean. 
Two kinds of chimeric genes were constructed and aimed at targeting the 
protein product to different subcellular locations: chimeric gene 1， 
phaseolin promoteiy^RP, will direct the expression of LRP in cytosol; 
and chimeric gene 2, phaseolin promoter + signal sequence/TLRP, will 
target the LRP to protein bodies of the transgenic seeds. These chimeric 
genes were inserted into the Agrobacterium binary vector, pBI121 
carrying the neomycin phosphotransferase II OSfPTII) selectable marker 
and ^-glucuronidase (GUS) screenable marker genes and then transferred 
into the Arabidopsis genome via ^ groZ>ac/er/z/m-mediated transformation. 
For chimeric gene 1 (pBILRP-1), the integration of the transgene was 
confirmed by Polymerase Chain Reaction (PCR) and Southern blot 
hybridization. The activity of the marker gene was detected by GUS 
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assay and the LRP RNA transcripts of the LRP transgenes were detected 
by RT-PCR. The stable accumulation of LRP to significant levels in the 
transgenic seeds was demonstrated via tricine SDS-PAGE and protein 
sequencing. The lysine content in transgenic plants was, however，not 
consistent or markedly enhanced, when compared to the wild type and 
vector alone control plants. For chimeric gene 2 (pBELRP-2)，R2 seeds 
were harvested and stored for future use. 
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Abbreviations used in this thesis without definition include: 
A pBBLRP-1 transgenic plant 
AK Aspartate kinase 
BCA Bicinochoninic acid 
BN2S Brazil nut 2S protein 
bp Base pairs 
BSA Bovine serum albumin 
C pBI 121 transgenic control plant 
CaMV Cauliflower mosaic virus 
CAT Chlormnphenicol acetyItransferase 
cDNA Complementary DNA 
CTAB Cetyltrimethylammonium bromide 
DHDPS Dihydrodipicolinate synthase 
DIG Digoxigenin 
DNA Deoxyribonucleic acid 
dNTP Deoxyribonucleotide triphosphate 
DTT Dithiothreitol 
E. coli Escherichia coli 
EDTA Ethylenediaminetetra-acetic acid 
GUS Glucuronidase 
HEAAE-DNA High essential amino acid encoding 
DNA 
Himet High methionine 
kb Kilobases 
kD Kilodaltons 
LB Left border (ofT-DNA in pBI121) 
or Luria-Bertani (medium) 
LRP Lysine-rich protein 
Met Methionines 
M-MLV Moloney murine leukemia virus 
mRNA Messenger ribonucleic acid 
MS Murashige and Skoog (medium) 
MW Molecular weight 
MWCO Molecular weight cut-off 
NOS Nopaline synthase 
NPTII Neomycin phosphotransferase II 
OD Optical density (absorbance) 
PAGE Polyacrylamide gel electrophoresis 
PCR Polymerase chain reaction 
V 
PEG Polyethylene glycol 
PVDF Polyvinylidene difluoride 
Ro The generation to be transformed 
R1 First generation ofRo 
R2 Second generation ofRo 
R3 Third generation of Ro 
RACE Rapid amplification of cDNA ends 
RB R i^ t border ofT-DNA ofpBI121 
RNA Ribonuclease 
RT-PCR Reverse transcription-polymerase 
chain reaction 
SDS Sodium dodecyl sulfate 
TAE Tris-acetate/EDTA 
TCA Trichloroacetic acid 
T-DNA Transfer DNA 
TE Tris-EDTA 
Ti plasmid Tumor-inducing plasmid 
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Chapter 1: General Introduction 
The primary source of all proteins consumed by human and 
livestock comes from plants. However, most plant proteins are deficient 
in certain essential amino acids. Therefore, enhancement of the amino 
acid quality of plant proteins is an important area of research and 
development. 
Traditional breeding approaches have met with limited success in 
improving the quality of plant proteins. However, by transfer and 
expression of a methionine-rich protein gene in tobacco plants, Altenbach 
et al. (1989) demonstrated that it is feasible to significantly enhance 
methionine content by 30 % in transgenic tobacco seeds. Therefore, it 
appears that molecular genetic approach can provide an alternative way to 
enhance the nutritional quality of plant proteins. 
Lysine is an essential amino acid for human development and 
growth. M rich countries, the need for a single seed source with a well-
balanced amino acid composition is less critical, because diets are 
generally complex and include animal protein. The enhancement oflysine 
content in transgenic crops is of greater benefit to people living in 
undeveloped countries because they have only limited choice in their 
diets and plants are the main source of dietary protein for them. Jn this 
study, we plan to use a gene encoding the winged bean lysine-rich protein 
to construct a chimeric gene under the control of the seed-specific 
promoter of phaseolin gene, and to transform and express the lysine-rich 
protein in the seeds of Arabidopsis. We hope to be able to demonstrate 
that the lysine-rich protein can be synthesized and stably accumulated in 
the transgenic seeds and to find out if such synthesis and accumulation 
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can enhance the lysine content in transgenic seeds. The goal is to path the 
way for fixture use of this strategy to enhance the nutritional quality of 
cereal and other plant proteins. 
2 
Chapter 2: Literature Review 
2.1 Nutritional quality ofplant proteins 
Plant seeds are a superior food source as they are rich in protein, 
carbohydrate and lipid. Additionally, their storage reserves can be used as 
raw materials for the production of a variety ofproducts, such as alcohol， 
oils，and plastics (John, 1992). 
However, when used as a source of dietary protein, most plant 
proteins are deficient in several essential amino acids. M general, cereal 
proteins are low in lysine and tryptophan while legume and most 
vegetable proteins are deficient in the sulfur amino acids，methionine and 
cysteine (FAO，1970; Yamaguchi, 1980). to fact, neither crop, cereals nor 
legumes, completely compensates for the amino acid deficiency of the 
other crop and therefore feed diets frequently include supplemental amino 
acids. Large sums of money are used to amend the plant protein base 
swine and poultry diets. Each year, twenty thousand metric tons oflysine 
valued at $70 M are used to supplement the com-based swine and poultry 
diets. It is apparent that a more direct and efficient means of supplying 
sufficient essential amino acids to these diets would benefit both the 
producer and the consumer. 
2.2 Traditional plant breeding methods for enhancing the amino acid 
quality of plant proteins 
The basic principal of plant breeding is to select the best plant 
within a variable population as a potentiaI cultivar. It is a fact that 
classical plant breeding programmes have greatly improved the yield, the 
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quality, and disease resistance of crop plants. En the past, plant breeders 
had made great effort to improve the quality of seed proteins and 
mutations resulting in high-lysine com and barley were identified (Nelson, 
1968; Bright et al., 1983). Unfortunately, there are undesirable traits 
associated with these mutations, such as greater susceptibility to disease 
and pests as well as lower yields, which have prevented their agronomic 
uses. Jn addition，little progress has been made in breeding legumes with 
increased levels of sulfur amino acids (Payne, 1983), Traditional plant 
breeding methods, when used for crop improvement, have other 
disadvantages, in that they are lengthy and are limited by the barrier of 
sexuai crossing. 
2.3 Molecular strategies to enhance the amino acid quality of plant 
proteins 
There are several molecular genetic strategies available for 
enhancing the amino acid quality of plant proteins (Beach et al., 1992; 
Habben et al., 1995; Mattews et al., 1993; Sun et al., 1992, 1993 & 
1998a). They are (1) Transfer and expression of heterologous genes 
encoding essential amino acid-rich proteins; (2) Sequence modification of 
existing genes to contain more essential amino acid codons; (3) 
Modification ofamino acid biosynthesis pathway to enhance the levels of 
desired amino acids; (4) Expression of a synthetic gene encoding a new 
protein with desirable essential amino acid composition; and (5) 
Overexpression of homologous genes encoding proteins with elevated 
levels of essential amino acids. 
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2.3.1 Heterologous gene expression 
Recent advances in genetic engineering and transformation 
techniques allow the transfer of genes between diverse plant species. 
Therefore, a gene encoding an essential amino acid-rich protein isolated 
from one plant can be introduced into other species for protein quality 
enhancement. 
Hoffinan et al. (1987) placed the gene encoding a maize 15-kDa 
methionine-rich P-zein under the regulation of the 5' flanking region of 
the French bean phaseolin gene. This chimeric gene was then transferred 
into tobacco plant. The methionine-rich zein protein was found to deposit 
in both the endosperm and embryo tissues of tobacco seeds, and 
accumulate to 1.6 % as the total tobacco seed protein. 
By attaching the 5, and 3' regulatory regions of the phaseolin gene 
to the cDNA encoding the Brazil nut methionine-rich protein, a chimeric 
gene was constructed and expressed in tobacco (Altenbach et al., 1989). It 
was found that the tobacco seeds were able to process the methionine-rich 
protein from its 17 kDa precursor polypeptide into the 9 kDa and 3 kDa 
subunits of the mature protein, bi addition，Brazil nut protein was 
accumulated as 8 % of the transgenic tobacco seed protein, resulting in a 
significant increase (by 30 %) in the level of the methionine over that of 
the untransformed seeds. 
De Clercq et al. (1990) constructed two chimeric genes in which 
the 5'-flanking region and parts of the coding region of the Arabidopsis 
2S albumin gene 1 were fused at different positions to the Brazil nut 2S 
albumin cDNA. After transformation, Brazil nut 2S albumin was found to 
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accumulate stably in transgenic Arabidopsis, Brassica napus, and tobacco 
seeds but the expression levels observed were too low for accurate 
quantitation. 
A chimeric gene driven by the soybean lectin 5’ flanking regions 
was used to produce a fusion protein consisting of the soybean lectin 
signal peptide and the propeptide of the Brazil nut methionine-rich 2S 
albumin (Guerche et al.，1990). The chimeric gene was transferred into 
rapeseed. The expression levels of the 2S albumin, however, were low, 
only amounting from 0.02 % to 0.06 % of the total protein of the 
transgenic seed. 
A chimeric gene encoding a methionine-rich seed protein from 
Brazil nut was constructed by replacing the coding region of a phaseolin 
gene with the coding sequence of Brazil nut protein, and the chimeric 
gene was transferred into canola (Altenbach et al., 1992). It was found 
that the Brazil nut protein was accumulated at levels ranging from 1.7 % 
to 4 % of transgenic canola seed total protein and the methionine content 
of seeds was increased by 33 %. 
Tu et al. (1994) constructed a chimeric gene composed of the 
cauliflower mosaic virus 35S promoter, Brazil nut 2S cDNA, and the 
nopaline synthase polyadenylation and termination sequences. The 
construct was transferred into two potato cultivars, Russet Burbank and 
Atlantic. Results revealed that the Brazil nut 2S protein was correctly 
processed in the leaves and tubers of both cultivars and the expression 
levels varied between 0.2 % and 0.01 % of the total protein. 
Saalbach et al. (1995) constructed a chimeric gene coding for the 
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Brazil nut methionine-rich 2S albumin under the control of either the 
cauliflower mosaic virus 35S promoter or the legumiti B4 promoter from 
Viciafaba. This chimeric gene was transformed into narbon bean (Vicia 
narbonensis) and tobacco plants by Agrobacteriurri'mQ&idXQA 
transformation. Under the control of the viral promoter, 2S albumin was 
produced in a variety of tissues at a relatively low level in both species. 
On the other hand, the legumin B4 promoter conferred seed-specific high 
level expression in V. narbonensis but low level seed-specific expression 
in tobacco. 
To improve the protein quality of forage for assumption by 
ruminants. Tabe et al. (1995) constructed chimeric genes encoding a 
ruminally stable, sulfur amino acid-rich protein from sunflower seeds. Jn 
order to stabilize the protein, the coding information for an endoplasmic 
reticulum retention signal was added to the sunflower seed albumin 
protein-coding region. Gene constructs were placed under the control of 
CaMV 35S promoter or two light-regulated plant gene promoter regions 
and introduced into Australian commercial cultivars of alfalfa. The 
highest level of sunflower seed albumin found in transgenic alfaLfa leaves 
was estimated to constitute 1 % of soluble leaf protein. This level of 
accumulation of the foreign protein would be predicted to supply an extra 
40 mg of sidfur amino acids daily to sheep fed the modified forage. 
Khan et al. (1996) modified a gene encoding a sulfur-rich, 
sunflower seed albumin (23 % cysteine + methionine) to contain the 
promoter for the 35S RNA of cauliflower mosaic virus. Moreover, a 
sequence encoding an endoplasmic reticulum-retention signal was added 
to the 3' end of the coding region in order to stabilize the protein. The 
modified gene was introduced into subterranean clover {Trifolium 
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subterraneum L). The level of accumulation of the sunflower albumin 
was found to increase with increasing leaf age. hi the older leaves of the 
most highly expressing plants of the R1 generation, it reached 1.3 % of 
total extractable protein. 
To improve the nutritive value of an important grain legume crop, 
Molvig et al. (1997) constructed a chimeric gene specifying seed-specific 
expression of a sulfur-rich, sunflower seed albumin in narrow-leafed 
lupin {Lupinus angustifolius L). Transgenic sunflower seed albumin was 
found to account for 5 % of extractable seed protein in one of the 
transgenic lines. This expression was associated with a 94 % increase in 
methionine content. Bi feeding trials with rats，the transgenic seeds gave 
significant increases in live weight gain, true protein digestibility, 
biological value and net protein utilization when compared with wild-type 
seeds. 
2.3.2 Protein sequence modification 
This strategy involves the identification of a gene encoding a major 
protein and its use as the target for modification to contain more codons 
for a desirable essential amino acid. The selection of suitable sequence 
sites for modification is important as they may affect the stability of the 
modified protein. 
Hoffinan et al. (1988) inserted a 45-bp oligonucleotide containing 
six methionine codons from maize 15 kD zein into the third exon of a P-
phaseolin gene，resulting in a modified gene with 9 methionine codons. 
This high-methionine (himet) and the normal phaseolin genes were 
transformed into tobacco plants. Although the levels of mRNA transcripts 
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for both the himet and normal phaseolin genes were comparable, the 
himet protein was found to accumulate only to about 0.2 % of the level of 
normal phaseolin. By electron microscopic and immunocytochemical 
studies, it was suggested that the himet protein was degraded either in the 
Golgi vesicles or the protein bodies. 
De Clercq et al. (1990) replaced a 23-amino acid coding segment 
between the sixth and seventh cysteine residues of the Arabidopsis 2S 
albumin with 3 different high methionine coding fragments. The resulting 
chimeric proteins contained insertions of peptides 7, 18，and 24 amino 
acids long, yielding an increased number of methionine residues four, 
seven, and eleven, respectively. These modified 2S genes were 
transferred into Arabidopsis, Brassica napus, and tobacco and the 
transgenic seeds of all three species were found to accumulate 
methionine-enriched 2S albumins at levels ranging from 1 to 2 % of the 
total high salt-extractable seed protein. 
Ohtani et al. (1991) altered four different codons in the gene 
encoding for a 19-kD a-zein. Each alteration converted a non-lysine 
codon to a lysine codon, producing four different modified a-zein 
sequences. Each modified zein coding region was inserted into an 
expression cassette with a p-phaseolin promoter and a P-zein 
polyadenylation signal and they were subsequently transformed into 
tobacco. The level of accumulation of the unmodified zein amounted to 
0.003 % of the total seed protein. However, the modified zeins were 
detected at levels 30- to 300-fold lower in transgenic seeds. Analysis of 
zein mRNA in polysomes from developing seeds suggested that a-zein 
mRNAs were translated efficiently. Unfortunately, pulse-chase labelling 
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of proteins revealed that the newly synthesized zeins were unstable. 
Brazil nut 2S albumins lack the essential amino acid tryptophan. 
Marcellino et al. (1996) constructed three separate modified Brazil nut 2S 
albumin genes with different numbers of additional tryptophan codons at 
different sites. The modified genes were placed under the control of the 
CaMV 35S promoter and introduced into tobacco {Nicotiana tabacum). 
The modified proteins were correctly expressed and accumulated in the 
seeds oftransgenic plants, at levels ranging from 0.27 % to 0.3 % of the 
total extractable protein. 
To examine the feasibility of further increasing the methionine 
content of transgenic Brazil nut 2S protein (BN2S), Tu et al. (1998) 
generated chimeric genes containing four mutant constructs, BoxIa (with 
5 additional Met), BoxIIa (2 additional Met), BoxIaIIa (7 additional Met), 
and BoxIIa2 (7 additional Met). The wild type and modified BN2S 
methionine-rich protein genes were placed under the regulation of the 
CaMV 35S promoter and nopaline synthase terminator and introduced 
into the potato cultivar Russet Burbank. The modified proteins were 
processed and accumulated in the leaves and tubers. Expression levels in 
the leaves among the various constructs and individual transgenic plants 
varied between <0.01 % and 0.2 % of the total protein. Expression in 
tubers was usually 2- to 4-fold lower than that in leaves. 
2.3.3 Modification ofbiosynthesis pathway 
To enhance the levels of essential amino acid, one approach is to 
alter the levels of proteins rich in essential amino acid. An alternative 
approach is to increase the levels of free essential amino acids via 
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modification of amino acid biosynthesis pathways. 
The biosynthesis of lysine in plants is regulated by several 
feedback loops. Shaul et al. (1992) expressed dihydrodipicolinate 
syntiiase (DHDPS) from E. coli, a key enzyme in lysine biosynthesis, 
which is considerably less sensitive to lysine accumulation than the 
endogenous plant enzyme, in chloroplasts of tobacco leaves. It was found 
that expression of the bacterial enzyme was accompanied by a significant 
increase in the level of free lysine in transgenic tobacco. 
Falco et al. (1995) linked the lysine-feedback-insensitive bacterial 
dihydrodipicolinate synthase fDHDPS) encoded by the Corynebacterium 
dapA gene and the aspartate kinase (AK) enzymes encoded by a mutant E, 
coli lysC gene to a chloroplast transit peptide. The chimeric genes were 
expressed using a seed-specific promoter in transgenic canola and 
soybean seeds. It was found that expression of the Corynebacterium 
DHDPS resulted in more than a 100-fold increase in the accumulation of 
firee lysine in the seeds ofcanola and that the total seed lysine content was 
approximately doubled. Jn addition, expression of the Corynebacterium 
DHDPS plus the lysine-insensitive E, coli AK in soybean transformants 
caused several hundred-fold increases in free lysine and an increase in 
total seed lysine content by as much as 5-fold. 
2.3.4 Synthetic gene expression 
The design and synthesis of a gene encoding a new protein with 
desirable essential amino acid composition can be achieved via DNA 
strategies. This novel gene can then be integrated into target plants for 
expression. 
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Yang et al. (1989) synthesized a 292-bp DNA encoding a 
polypeptide composed of 80 % essential amino acids, the high essential 
amino acid encoding DNA ^HEAAE-DNA). The synthetic gene was 
fused to a chloramphenicol acetyltransferase (CAT) coding sequence to 
generate a CAT-HEAAE fusion protein. This hybrid coding sequence 
was placed under the transcriptional control of the nopaline synthase 
(NOS) promoter and the 3，NOS untranslated sequence for 
polyadenylation. The chimeric gene was then transferred into potato 
plants. It was reported that the CAT-HEAAE protein accumulated as 0.02 
to 0.35 % of the total tuber protein, corresponding to about a 1.1 % 
increase in the level of essential amino acids. 
Saalbach et al. (1994) completely synthesized the coding region of 
the methonine-rich Brazil nut 2S albumin gene and placed it under the 
control of the cauliflower mosaic virus 35S promoter. After 
transformation into tobacco {Nicotiana tabacum) and grain legume {Vicia 
narbonensis\ 2S albumin was found to accumulate in both transgenic 
tobacco and grain legume. The 2S synthetic gene was also transformed 
into pea {Pisum sativum L.) and field bean {Vicia faba L,). It was found 
that hairy roots expressed the 2S albumin-specific gene. Although the 
gene synthesized in this example was based on an existing gene and thus 
not novel, nevertheless, it demonstrated the principle of the synthesis 
approach. 
Based on an a-helical coiled-coil structure, Keeler et al. (1997) 
designed a de novo protein containing 31 % lysine and 20 % methionine. 
This protein was expressed in transgenic tobacco seeds using the seed 
specific bean phaseolin and soybean P-conglycinine promoters. The 
protein was accumulated to as much as 2 % of the total seed protein in 
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some transgenic lines. Both promoters provided a level of expression in 
the mature transgenic tobacco seeds leading to a significant increase in 
the total lysine content of the seeds. 
2.3.5 Homologous gene overexpression 
A protein of minor quantity in a plant may contain an elevated 
level of an essential amino acid that is limiting. By enhancing the 
expression of tiie gene encoding this protein，it may be possible to 
increase the concentration of this protein, and thus the content of this 
particular essential amino acid. 
Although there are no reports to date where this approach was used 
for seed protein improvement, several proteins rich in particular essential 
amino acid have been identified. Yamaguchi et al. (1984) found that a 
basic protein in soybean variety Raiden contained a significantly higher 
level of the sulfur amino acids (3.6 %) than the major storage proteins. 
Kho et aL (1988) identified a 16-kD methionine-cysteine rich protein in 
soybean seed containing 6.2 % methionine and 18.8 % cysteine. George 
et al. (1991) also identified a 10.8-kD protein containing 12.1 % 
methionine in soybean seed. A gene corresponding to a cDNA encoding a 
low molecular weight (47 amino acids) cysteine-rich protein in soybean 
seeds was isolated from a soybean genomic library (Choi et al., 1995). Li 
addition, Revilleza et al. (1996) identified an 8-kD protein containing 8.6 
% methionine in soybean cotyledon. These essential amino acid-rich seed 
proteins are potential candidates for use in protein quality improvement 
through this approach. 
Li summary, all these methods involve molecular manipulation of 
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plant genes and the generation of transgenic plants. Both the heterologous 
and homologous genes approaches have the advantage of utilizing 
naturally occurring genes in the engineering. However, it could be 
difficult and time consuming to identify a gene encoding a protein rich in 
a particular essential amino acid. On the other hand, the synthetic genes 
and protein sequence modification strategies allow the flexibility of 
designing and engineering a gene with desirable essential amino acid 
composition, but they suffer from the possibility of generating unknown 
and undesirable structural and biological properties in the protein 
products. 
2.4 Arabidopsis 
2.4.1 Arabidopsis as a model plant 
Although Arabidopsis is a typical higher plant in most respects, it 
has an unusually small genome, it can be easily grown in large numbers, 
has convenient genetic properties such as a short generation time and 
abundant seed production，and it can easily be transformed. Therefore it is 
a desirable model organism for studies on a broad range ofproblems. 
2.4.2 Transformation methods 
Transformation of Arabidopsis thaliana can be achieved through 
direct DNA uptake using particle bombardment or polyethylene glycol 
OPEG). The plant can also be transformed via Agrobac^um-mediated 
transformation by cocultivation of callus tissue, leaf and root explants 
with Agrobacteria or simply by directly applying Agrobacteria to the 
plant and recovering transformants in the progeny. 
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2.4.2.1 Direct DNA uptake 
Direct DNA uptake methods are especially important for monocots 
due to the poor successful rate of using Agrobacterium-mtdidXtd 
transformation. Biolistic gene transfer (particle bombardment) involves 
high-velocity acceleration of microprojectiles carrying foreign DNA, and 
the penetration of the cell wall and membrane by microprojectiles to 
deliver the DNA into plant cells. Seki et al. (1991a) was able to 
demonstrate transient GUS expression in both leaves and roots of 
Arabidopsis by means of particle gun delivery. Using the same 
transformation method, stable transformation of Arabidopsis was also 
reported by Seki et al. (1991b). 
Polyethylene glycol (PEG) is a common chemical treatment used 
to facilitate DNA uptake into protoplasts of both dicots and monocots. In 
1989, Damm et al. described the transformation of Arabidopsis using 
direct gene transfer method to protoplasts. The protocol used is based on 
the PEG-mediated direct gene transfer method of Negrutiu et al. (1987)， 
initially established for tobacco. 
2.4.2.2 y4groZ>ac/er/ww-mediated transformation 
Agrobactehum^mQdidXQd transformation is the most widely used 
approach to generate transgenic plants. This approach is based on the 
capability of the plant pathogenic Agrobacterium tumefaciens to integrate 
sequences of its tumor-inducing (Ti) plasmid DNA into the genomic 
DNA of the host plant. 
Lloyd et aI. (1986) inoculated leaf disks of Arabidopsis with 
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Agrobacteria containing Ti plasmid harboring a hygromycin resistant 
gene to generate transgenic plants. Zhang et al. (1987) reported the 
transformation of Arabidopsis callus tissue by cultivation with 
Agrobacteria containing an avirulent Ti plasmid carrying the NPTII gene, 
itt 1988，Valvekens et al. developed a transformation protocol employing 
Arabidopsis root explants by cultivation with Agrobacteria containing the 
kanamycin and herbicide resistance genes. 
The advantages of whole plant transformation methods are that 
tissue culture procedures and the resulting somaclonal variations can be 
avoided. Therefore, this approach is suitable for transformation of plant 
species recalcitrant to tissue culture and regeneration. Jn addition, only a 
short time period is required for obtaining entire transformed individuals. 
Nevertheless, the efficiency of whole plant transformation is quite low 
and variable. The first in planta transformation method was described by 
Feldmann et al. (1987) and consisted of the imbibition of seeds with 
Agrobacteria. Another example is that of Chang et al. (1994) in which 
young inflorescences were cut off and the wounded surfaces were 
inoculated with Agrobacterium. Bechtold et al. (1993; 1995; 1998) 
reported a transformation method using vacuum infiltration of 
Agrobacterium into mature Arabidopsis. A frequency of up to 5 
transformants per inoculated plant was obtained from the progeny. The 
mechanism involved in this transformation method is largely unknown. 
However, as transformants obtained are independent and hemizygous for 
T-DNA insertions, it was assumed that the target cells for Agrobacterium 
transformation are likely to be the zygote itself or the gametes. As the 
transformation event apparently did not require tissue wounding which is 
assumed to be a pre-quisite for Agrobacterium-mQ&idXQ& transformation, 
it was proposed that tissues with stomata and undergoing expansion may 
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be more subject to transformation during infiltration. 
2.5 Winged Bean Lysine-Rich Protein 
2.5.1 Identification of winged bean polypeptides rich in lysine 
Seeds from 10 plant species with reportedly high levels of lysine 
content were selected for total protein extraction and analysis. On the 
basis of amino acid composition, winged bean {Psophocarpus 
tetragonolobus) was identified as having the highest lysine content 
among the 10 protein samples studied OLiu, 1991). 
Total seed protein was then extracted from winged bean seeds and 
analyzed by SDS-PAGE. Twenty-one individual polypeptides of various 
molecular weights were resolved and an 18-kD polypeptide, named 
winged bean lysine-rich protein (WBLRP), was identified to contain the 
highest amount oflysine, 10.17 % (mgAOO mg). The N-terminal amino 
acid sequence of WBLRP was then determined as Gly-Val-Phe-Thr-Tyr-
Glu-Asp-Glu OLiu, 1991). 
2.5.2 Cloning of the lysine-rich protein gene 
Srni et al (1998b) designed a probe based on the known N-terminal 
sequence to verify the presence of the mRNA encoding the WBLRP in 
the developing winged bean seeds via Northern blot hybridization. The 
mRNA encoding the WBLRP was then amplified and cloned by the PCR 
technique, RACE (rapid amplification of cDNA ends), using gene 
specific and universal primers. 
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To identify a full-length cDNA encoding the WBLRP，a cDNA 
library for the developing winged bean cotyledons was first constructed 
and then screened using the PCR-cloned WBLRP cDNA as a probe. The 
complete nucleotide sequence of this cDNA clone was determined. The 
total length, excluding the poly A tail, is 782 bp. It contains a 5， 
untranslated region of 68 nucleotides, a coding region of 474 nucleotides, 
and a 3，untranslated region of 240 nucleotides. The coding region 
encodes a protein of 157 amino acids with a molecular weight of 19,494 
daltons. There are 17 lysine residues, representing 10.83 mol % of the 
total amino acids. 
2.5.3 Further characterization of the WBLRP gene 
From the sequence data in the GenBank, it was found that the 
WBLRP shares high sequence homology with that of the many 
pathogenesis-related (PR) proteins, which accumulate as a part of a 
defense response system in many plants. 
The expression of the WBLRP gene is organ specific, i.e. the 
WBLRP gene only expressed in the seed but not in other parts of the 
plant. Its expression is also developmentally regulated. Thus the WBLRP 
gene is under tight control for spatial and temporal expression in the 
normally developing winged bean seed. As WBLRP is a relatively 
abundant protein in the seeds of winged bean, the WBLRP gene is a 
suitable target for plant nutrition improvement (Sun et al., 1998b). 
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2.6 Phaseolin 
Seeds accumulate a few species of abundant storage protein during 
development to serve as a nutritional source for the germinating seeds. 
Phaseolin is the major seed storage protein in common beans (Phaseolin 
vulgaris), representing about 40-60 % of the total protein (Osbom, 1988). 
It is a globulin as it is salt soluble. Phaseolin consists of 3 subunits, 
named a, P and y polypeptides with corresponding molecular weighs of 
about 51，48 and 45.5 kD. The accumulation of phaseolin during embryo 
development in French bean {Phaseolus vulgaris) was studied by Sun et 
al. (1978). Phaseolin synthesis is under strict tissue and temporal 
regulation. It does not occur anywhere in the bean other than in the 
cotyledon. The three polypeptides are encoded by 16S mRNA species, 
and accumulated rapidly in the developing cotyledon; beginning when the 
cotyledons are about 7 mm in length and continuing until the cotyledons 
reach 17-19 mm in length. 
Li 1981，Sun et al. isolated the p-phaseolin gene from French bean. 
This gene was found to contain 80 bp of 5，untranslated region, 1263 bp 
of protein-encoding region, which is interrupted by 5 intervening 
sequences, and 135 bp of 3，untranslated region. As phaseolin is an 
abundant seed storage protein, representing about 50 % of the total 
protein in mature seeds in French bean ^VIa et al., 1978), the phaseolin 
promoter is a good candidate for expressing essential amino acid-rich 
protein in transgenic plant for nutritional quality improvement. Altenbach 
et al. (1989)，by attaching the regulatory regions of the French bean p-
phaseolin gene to the Brazil nut methionine-rich protein, were able to 
demonstrate that it is feasible to raise the methionine content by up to 30 
% in transgenic tobacco seeds expressing this chimeric gene. 
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Chapter 3: Expression ofLRP in Transgenic Arabidopsis 
3.1 Introduction 
A chimeric gene (pBE.RP-1) encoding the winged bean lysine-rich 
protein (LRP) under the control of the regulatory regions of the seed-
specific phaseolin gene was constructed and transformed into Arabidopsis. 
This chimeric gene (phaseolin promoter + LRP + phaseolin terminator), 
without a signal peptide, is expected to direct the expression of LRP into 
the cytosol of transgenic Arabidopsis seeds. Since the winged bean LRP 
does not contain a signal peptide, the present expression is comparable to 
that in the native winged bean. 
Protein bodies are membrane-bound organelles that serve as 
protein storage sites in the cell. To ftuther analyze if targeting the LRP to 
protein bodies by using the phaseolin signal peptide would enhance the 
stability and accumulation of LRP in transgenic Arabidopsis seeds, a 
chimeric gene ^>BILRP-2) encoding the winged bean lysine-rich protein 
0-RP) under the control of the regulatory regions from the phaseolin gene 
with its signal peptide was also constructed and transformed into 
Arabidopsis. This chimeric gene (phaseolin promoter + phaseolin signal 
sequenceyl^RP + phaseolin terminator), is expected to direct the 
deposition ofLRP in protein bodies of transgenic Arabidopsis seeds. 
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3.2 Materials and Methods 
3.2.1 Targeting LRP to cytosol 
3.2.1.1 Chemicals 
All chemicals used were reagent grade or molecular grade (Sigma 
or otherwise noted). All restriction enzymes were from Promega or 
otherwise specified. 
3.2.1.2 Plant materials 
Seeds of Arabidopsis thaliana {Columbia^) were germinated in 
soil ^lummert totemational, USA) and grown at 22�C with a light 
(daylight, 4000 klux) & dark cycle of 16 and 8 hours, respectively. After 
three weeks, these plants (Ro) were used for Agrobacterium-rnQdmiQ& 
transformation. 
Seeds from the transformed Ro plants were selected on antibiotic 
plates and allowed to grow. These antibiotic-selected plants were 
regarded as R1 plants. The seeds from R1 plants were then selected for 
single site insertion, i.e. transgene insertion into one chromosome only. 
The resulting seeds were grown into R2 plants, and the seeds from R2 
plants were further selected for homozygosity of the transgenes. The 
seeds of R3 plants that are homozygous were used for LRP expression 
study. 
Leaves from transgenic homozygous Arabidopsis were collected 
for genomic DNA preparation. Developing siliques containing seeds of 
21 
the transgenic plants were collected for RNA extraction. Mature seeds 
were collected for protein isolation. 
3.2.1.3 Bacterial strains 
Plasmid DNAs were cloned and manipulated mostly using E, coli 
DH5a cell. Agrobacterium tumefaciens GV3101/pMP90 (Koncz et al., 
1986) was used for plant transformation. 
3.2.1.4 Construction ofchimeric LRP gene O^BELRP-l) 
The overall strategy to construct a seed-specific chimeric LRP gene 
without a signal peptide was to first amplify the LRP coding sequence 
containing in the plasmid, pWBLRP-3, using PCR technique. The 
resulting LRP coding sequence, flanked by two appropriate restriction 
sites, was placed between the 5, and 3’ regulatory regions of the 
phaseolin gene. The chimeric gene was then inserted into Agrobacterium 
binary vector (pBI121) for transformation. 
3.2.1.4.1 PCR amplification ofLRP 
As schematically iUustrated in Fig. 1, pWBLRP-3 (Sun et al., 
1998) which carries the full length LRP cDNA OFig. 2-1) cloned in 
pBluescript SK' vector (Strategene) was used as the starting 
material. A 25 ^1 PCR reaction mixture containing 20 ng 
pWBLRP-3，1.5 mM MgC^ 0.2 mM dNTPs, 1 i^M pLys-1 OFig. 3), 
1 ^M pLys-2 (Fig. 3)，1 x reaction buffer [75 mM Tris-HCl (pH 
8.8), 20 mM (NH4)2SO4 & 0.01 % Tween] and 2.5 units 
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Figure 1: Construction ofLRP chimeric gene, pBBLRP-1 
LRP cDNA sequence in pWBLRP-3 was amplified by PCR and placed in between 
the 5, and 3, regulatory regions ofphaseolin gene. The resulting chimeric gene was 












Figure 2-1: Nucleotide sequence of LRP cDNA 
The total length of LRP cDNA is 477 bp. ATG and TGA (underlined) 





Figure 2-2: Deduced amino acid sequence ofLRP 
LRP contains 158 amino acids. K (lysine, underlined) contributes to 




pLys-3: 5, -d{GAGCCATATGGGTGTTTTCACTTATGAGGAT} -3, 
pPha-1: 5, -d{ATCATCCATCCATCCAGAGT} -3， 
pPha-2: 5'-d{AGAAGTGAGATGGAGCTCAG)-3' 
pPha-5: 5'-d{TTATTCAGTATACAAATGCAC)-3' 
pPha-6: 5 ‘ -d{ATGACACGCAAATGCAGGTTG) -3 ‘ 
Figure 3: Sequences of primers used in chimeric LRP gene 
construction 
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thermoprime plus DNA polymerase (Advanced Biotechnologies) 
was used to amplify the LRP cDNA sequence (from start to stop 
codon). The resulting DNA product was flanked by the two 
primers introduced AccI sites. The PCR condition was as follows: 
30 cycles of 95�C for 1 minute, 50�C for 1 minute and 72�C for 1 
minute followed by 1 cycle of72^C for 7 minutes. 
3.2.1.4.2 Cloning ofPCR-amplified LRP into vector pD3-8 
As shown in Fig. 1，the PCR product, LRP cDNA, was 
digested with AccI and ligated into AccI-cut pD3-8 (Doyle et al., 
1986 and Slightom et al., 1983) to replace the phaseolin coding 
sequence. The resulting recombinant plasmid, named pLRP-l, thus 
contained the LRP cDNA sequence sandwiched in between the 
phaseolin promoter and terminator sequences. Sequencing was 
done on pLRP-1 by using two specific primers, pPha-1 and pPha-2 
(Fig. 3), to check both the LRP cDNA sequence and the ligation 
junctions. 
3.2.1.4.3 Cloning of recombinant plasmid pLRP-1 into binary 
vector 
Recombinant plasmid pLRP-1 was digested with Hind III 
and ligated into the Agrobacterium binary vector, pBI121 
(Clontech) carrying the neomycin phosphotransferase II O^TII) 
selectable marker and P-glucuronidase (GUS) screenable marker 
genes. The resulting plasmid, was named pBE^RP-l (Fig. 1). 
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3.2.1.5 Transformation ofAgrobacterium with pBILRP-1 
Both constructs，pBILRP-1 and pBI121 were transformed into 
Agrobacterium GV3101/pMP90 by electroporation. The method 
originally described by Sambrook et al. (1989) as modified by Lam (The 
Chinese University ofHong Kong, personal communication) was used. 
An aliquot (40 i^L) of GV3101/pMP90 compentent ceUs was 
thawed and placed on ice. The competent cells were mixed with 1 i^L of 
DNA (0.05 jig) in an eppendoff tube. The suspension was mixed and 
placed on ice for 1 minute. The Gene Pulser apparatus (BioRad) was set 
to 25 i^F, 2.5 kV and 600 ohms. The cell-DNA mixture was transferred to 
a pre-chilled 0.2 cm electrophoration curvette (BioRad) and the 
suspension was shaked to the bottom of the curvette. After pulse, 1 mL of 
SOC medium (2 % Bacto-tryptone, 0.5 % Bacto-yeast extract, 10 mM 
NaCl, 2.5 mM KC1, 10 mM MgCl】，10 mM MgSO4 and 20 mM glucose) 
was added to the curvette and the cells were quickly resuspended. The 
cell suspension was transferred to a 17x100 mm polypropylene tube and 
shaked at 28�C for 2 hours. 5 ^L and 50 ^L of cells were plated to LB 
plates supplemented with 50 fig/mL rifampicin, 25 ^igML gentamycin, 
50 i^g/mL kanamycin and 50 pgML ampicillin (for pBILRP-1 only). The 
remaining cells were spinned in eppendoff centrifiige for 10 seconds at 14 
rpm. About 800 ^L of the supernatant was removed and the cells were 
resuspended in the remaining liquid. All the remaining cells were plated 
on the selection plates mentioned above. The plates were incubated at 
28T for 2-3 days to obtain bacterial colonies with our introduced DNA. 
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3.2.1.6 Vacuum infiltration transformation ofArabidopsis 
The method originally reported by Bechtold et al. (1993) and 
modified by Lam (The Chinese University of Hong Kong，personal 
communication) was used. Seeds of Arabidopsis thaliana ecotype 
Columbia were sowed onto soil and imbibed for 2 days at 4�C. The seeds 
were then allowed to germinate and grow for four to six weeks at 22°C 
with a light (daylight, 4000 klux) to dark cycle of 16 hours and 8 hours, 
respectively. Plants were irrigated with Arabidopsis fertilizer [5 mM 
KNO3，2.5 mM KPO4(pH 5.5), 2 mM MgSO4, 2 mM Ca(NO3)2, 0.5 mM 
FeEDTA, 70 _ boric acid, 14 _ MnCl2, 5 _ CuSO4, 1 _ ZnSO4, 
0.2 jxM NaMoO4, 10 MM NaCl & 0.01 i^M CuCy once a week and used 
for transformation when the primary inflorescence (flower clusters) was 
5-15 cm tall and the secondary inflorescences were appearing at the 
rosette. Any siliques in the plants were cut off right before infiltration. 
A single colony of GV3101/pMP90 harboring pBILRP-l or 
pBI121 was cultured in 1 mL ofLB (10 gfL NaCl, 10 g/L bacto-tryptone 
and 5 g/L yeast extract) containing 50 mg/L each of rifampicin, 
kanamycin, ampicillin (for pBILRP-l only) and 25 mg/L gentamycin, at 
28®C with shaking (300 rpm). On the second day, this 1 mL starter culture 
was sub-cultured into 500 mL culture of YEP (10 g/L bacto-peptone, 10 
g/L yeast extract and 5 gyL NaCl) medium containing the same antibiotics 
as mentioned above. The culture was allowed to incubate under the same 
conditions for another day until its OD500 was greater than 2.0. The 
culture was centrifuged at 7000 rpm for 10 minutes and resuspended in 1 
L of infiltration medium [2.2 g/L MS salts, 1 x B5 vitamins (0.1 g/L myo-
inositol, 0.01 g/L thiamine-HCl, 0.001 g/L nicotine acid and 0.001 g/L 
pyridoxine-HCl), 50 g/L sucrose, 0.5 g/L MES, 0.044 ^M 
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benzylaminopurine and 0.02 % Silwet™ L-77, pH 5.7]. 
The resuspended culture was placed in a beaker sitting in a vacuum 
desiccator. The pots containing the plants to be infiltrated were inverted 
into the bacteria solution until the entire plant was covered including the 
rosette. A vacuum was drawn until bubbles started to form in the bacterial 
culture. The plants were allowed to stay under vacuum for 10 minutes. 
Afterwards, the vacuum was quickly released. The pots were briefly 
drained and placed on their sides in a tray for several hours. The plants 
were set upright using hollow cylinders made by transparencies. Plants 
were allowed to grow under the same conditions as described before. 
After about one month, water was gradually reduced when most of the 
siliques became mature. Then, watering was stopped to let the plants dry 
out. Seeds were harvested from each plant individually. These plants 
were regarded as Ro plants. 
3.2.1.7 Selection of transgenic plants 
For each Ro plant, 100 i^L of seeds (roughly 2500 seeds) were 
sterilized in Eppendorf tubes by washing with undiluted clorox (sodium 
hypochlorite, 5.25 %) for one time, 3 minutes and with sterilized distilled 
water for three times, 1 minute each. Sterilized seeds were plated on MS 
medium [4.3 gyl. MS salts (Gibco), 1 % sucrose, 0.5 g/L MES & 0.9 % 
bacto-agar, pH 5.7] in a 8.5 cm diameter circular plate containing 50 
mg/L kanamycin. The plates were sealed with parafilm and placed at 4°C 
for 2 days. Then, the seeds were placed in a growth chamber with the 
growing conditions as described above. After about one week, 
transformants appeared as deep green plantlets and were transferred into a 
9 cm X 9 cm MS square plate containing 50 mg/L kanamycin for fiuther 
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growth in the growth chamber. After about 1 to 2 weeks, plants (named 
R1) that had their true leaves grown were transferred to soil and allowed 
to grow as described before. Only one transformant was moved to soil 
from any one plant that was infiltrated to ensure independent 
transformants. Seeds of the R1 plants were harvested as before for further 
selection. 
For each plant, about 50 sterilized seeds were plated on 
MS/kanamycin for selection of transgenic plants harboring transgene 
insertion into one chromosome only (single gene insertion). With the help 
of Chi-square, transgenic plants appearing deep green in those plates and 
having one-fourth of the plated seeds eventually died, were selected for 
fiirther growth and their seeds harvested ^R2 plants). 
Finally, seeds from these R2 plants were selected for homozygosity 
with respect to the transgene by plating about 50 seeds in the selection 
plate as above. Transgenic plant lines ^R3) with all their plated seeds 
survived on the plate were allowed to grow. The seeds of R3 plants that 
are homozygous were used for LRP expression analysis. 
3.2.1.8GUS assay 
GUS assay was carried out following the standard protocol of 
Jefferson et al. (1987). Young seedlings that were about 1cm long were 
placed into a pypropylene tube containing the GUS staining solution [100 
mM Na-phosphate b u f f _ H 7.0), 0.1 % Triton X-100，1 mM EDTA, 0.5 
mM K3.Fe(CN)6. K4.Fe(CN)6 and 0.5 mg/mL X-gluc] and incubated at 
37°C. After overnight incubation, 70 % ethanol was added to eliminate 
the interference of chlorophyll. On the next day, the ethanol washed 
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plants were placed in 50 % glycerol for long time storage. 
3.2.1.9DNAisolation 
Genomic DNA was isolated from Arabidopsis leaves, using the 
CTAB protocol ODoyle et al., 1990). The DNA was suspended in 50 i^L 
TE [10 mM Tris-HCl (pH 8.0) and 1 mM EDTA] and its concentration 
was determined with a spectrophotometer by OD260 measurement. The 
quality of DNA was checked by gel electrophoresis in a 1 % 
agaroseyTAE (0.04 M Tris-acetate and 0.001 M EDTA) gel. 
3.2.1.10 PCR amplification and detection of transgenes 
PCR was performed using purified genomic DNA as template in a 
25 i^l reaction mixture containing 0.5 t^g genomic DNA, 1.5 mM MgCl2, 
0.2 mM dNTPs, 1 \xM pLys-1 (Fig. 3), 1 fxM pLys-2 (Fig. 3), 1 x reaction 
buffer [75 mM Tris-HCl (pR 8.8), 20 mM (NH4)2SO4 & 0.01 % Tween] 
and 2.5 units thermoprime plus DNA polymerase (Advanced 
Biotechnologies), with the following conditions: 30 cycles of 95�C for 1 
minute, 50�C for 1 minute and 72�C for 1 minute followed by 1 cycle of 
72�C for 7 minutes. 
3.2.1.11 Southern blot hybridization 
Genomic DNA (0.16 ^g) was digested with EcoRI, separated on 
1.2 % gel agaroseA^AE gel and then transferred to nylon membrane 
(positively charged, Boehringer Mannheim). The 500 bp LRP cDNA 
fragment of the pWBLRP-3 plasmid DNA was labeled with DIG by 
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random priming using the DIG DNA Labeling Kit (Boehringer 
Mamdieim) and used as a probe. Hybridization was performed according 
to the method described in the DIG Nucleic Acid Detection Kit 
(Boehringer Mamdieim). At the same time, a genome reconstruction 
experiment was carried out to find out the copy number of the transgene 
in transgenic plants. The amount of plasmid DNA OHindIII cut pLRP-1 
plasmid) equivalent to 1 copy and 3 copies of the target gene, respectively, 
was resolved in parallel with the genomic DNA by agarose gel 
electrophoresis. 
3.2.1.12RNAisolation 
Total RNA was isolated from developing siliques by the method of 
Altenbach et al. (1989). The RNA was resolved by electrophoresis in a 1 
% agaroseA'AE gel for quick checking. 
3.2.1.13 Reverse transcription-polymerase chain reaction (RT-PCR) 
Total seed RNA was reverse transcribed into V^  strand cDNA by 
first denaturing a 15 [il mixture containing 1 i^g RNA and 0.5 ^g primer 
pLys-2 (Fig. 3) in DEPC-H2O at 70�C for 5 minutes. The mixture was 
immediately chilled. This produced the template/primer mixture. Then, 
25 ^1 solution containing 200 units Moloney murine leukemia virus 
reverse transcriptase ^Promega), 1 x reaction buffer [50 mM Tris-HCl 
(pH 8.3), 75 mM KC1, 3 mM MgCl2, 10 mM DTT], 0.5 mM dNTPs & 40 
units rRNasin RNase inhibitor (Promega) in DEPC-H2O was added into 
the template/primer mixture to achieve a final volume of 40 pJL The 
mixture was incubated at 42°C for 1 hour. For 2^ ^ strand cDNA synthesis, 
PCR was carried out in a 25 ^1 reaction mixture containing 2 ^1 产 strand 
32 
cDNA, 1.5 mM MgCl】，0.2 mM dNTPs, 1 _ pLys-1 (Fig. 3)，1 _ 
pLys-2 (Fig. 3), 1 x reaction buffer [75 mM Tris-HCl (pH 8.8), 20 mM 
(NH4)2SO4 & 0.01 % Tween] and 2.5 units thermoprime plus DNA 
polymerase (Advanced Biotechnologies) with the following conditions: 
30 cycles o f95�C for 1 minute, 50°C for 1 minute and 72�C for 1 minute 
followed by 1 cycle of 72�C for 7 minutes. Another set of RT-PCR 
reaction was carried out as the control by adding the same reagents 
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excluding only the reverse transcriptase to eliminate false positive results 
from contaminated genomic DNA. 
3.2.1.14 Protein extraction and SDS-PAGE 
Total seed protein was extracted from mature Arabidopsis seeds 
(0.1 g) with 1 mL extraction buffer (0.25 M NaCl & 0.05 M NaPO4, pH 7) 
and quantitated by the Bicinochoninic Acid (BCA) method using bovine 
serum albumin as a standard. Fifteen \xg protein was separated by 16.5 % 
tricine-SDS-PAGE (Schagger et al.，1987) followed by staining with 
Coomassie Brilliant Blue solution [1 g/L Coomassie briliant blue G-250 
& 1 0/i methanol in destaining solution (methanol: 100% glacial acetic 
acid: water = 20: 6: 55)]. 
3.2.1.15 Protein sequencing 
Total seed protein from transgenic seeds was extracted from 
mature Arabidopsis seeds and samples containing 10 fxg protein were 
separated by 10-20 % gradient tricine-SDS-PAGE. The separated proteins 
were electroblotted onto polyvinylidene difluoride (PVDF) membrane 
(Bio-Rad) by the Trans-Blot SD semi-dry cell (Bio-Rad) and stained with 
Ponceau S stain (0.2 % Ponceau S, 3 % TCA and 3 % sulfosalicylic acid). 
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The putative 18 kD lysine-rich protein band was cut out from the 
membrane and sequenced by the HP G1005A protein sequencing system 
^Jewlett Packard). 
3.2.1.16 Amino acid analysis 
Total Arabidopsis seed protein (50 i^g) was dialyzed extensively 
^ainst distilled water at 4°C using the Slide-A-Lyzer Dialysis Kit, 7000 
MWCO (Pierce) and lyophilized. The protein samples were subjected to 
acid hydrolysis in 6 M HC1 for 24 hours at 110�C. Acid was removed by 
speedvac drying. The pellet was resuspended in 0.5 mL Na-S™ 
(Beckman) and filtered. Amino acid analysis was performed using a 
Becktnan 6300 amino acid analyzer. 
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3.2.2 Targeting LRP to protein bodies 
3.2.2.1 Chemicals 
See3.2.1.1 
3.2.2.2 Plant materials 
See 3.2.1.2 except those seeds from R1 plants were harvested and 
stored at 4�C for fiiture selection. 
3.2.2.3 Bacterial strains 
Plasmid DNAs were manipulated mostly in E. coli DH5a. For site-
directed mutagenesis, E. coli JM109 and ES1301muts (Promega) were 
used. Agrobacterium tumefacien GV3101/pMP90 were used for plant 
transformation. 
3.2.2.4 Construction ofchimeric LRP gene ^RJO>-2) 
The overall strategy to construct a seed-specific chimeric LRP gene 
with a signal peptide was to perform site-directed mutagenesis on plasmid 
pPN7 to introduce appropriate and remove undesirable restriction sites for 
the cloning of LRP coding sequence. The LRP coding sequence in the 
LRP plasmid, pWBLRP-3, was amplified using PCR technique. The 
resulting LRP coding sequence, flanked by two appropriate restriction 
sites, was placed between the 5, and 3, regulatory regions of the 
phaseolin gene and the phaseolin signal peptide sequence was placed in 
front of the LRP coding sequence. The chimeric gene was then inserted 
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into Agrobacterium binary vector (pBI121) for transformation. 
3.2.2.4.1 Site-directed mutagenesis 
Plasmid, pPN7 OFig. 4) was used as the source of phaseolin 
promoter, terminator and signal peptide. This plasmid has the same 
primary structure as pD3-8 except a NdeI site has been created in 
between the phaseolin signal peptide and coding sequence 
(nucleotides 1031-1036). The 4.1-kb fragment containing the 
phaseolin gene was excised from the pPN7 by BamHI and AccL 
This fragment was then filled-in and ligated into the stuI site of 
pAlter-ExI plasmid OPromega), generating plasmid pAlter-ExI/phas 
for site-directed mutagenesis (Fig. 4). The Altered Sites II in vitro 
Mutagenesis System of Promega was used for sequence 
modifications. A primer, pPha-5 (Fig. 3) was used to create an 
AccI site in between the phaseolin coding and terminator 
sequences and primer pPha-6 (Fig. 3) was used to eliminate a Nde I 
site in the phaseolin promoter sequence. The resulting plasmid, was 
named pAlter-ExL^)has*. 
3.2.2.4.2 Cloning ofthe mutated phaseolin fragment into 
pBluescript 
The 4.1 kb fragment carrying the mutated phaseolin gene 
was digested by BamHI and NotI and isolated from pAlter-
ExFphas*. The BamHWsfotI fragment was filled-in and then 
inserted in the HincII site of pBluescript SK-, forming plasmid 
pBK/phas* (Fig. 4). 
36 
NdeI NdeI 
AccI pro I sp ^ ter BamHI 
Ti phas coding  





BamHI and AccI 




pro | | sp phascoding ter 4.1kbfragment 
region (^unt ends) 
• 
ligate into stuI site (blunt end) 
ofpAlter-ExI 
V 
pPha-5(+AccI) NdeI pPha-6(-NdeI) 
Introduced _ 
Barnm - ^ - ^ 
• t ,. 
ir ter ~； sp •pro NotI 
^ V - phascodmg . NdeI 
广 region ) 
^ BamHI Li vitro site-
pAlter-Ex^phas directed 
(1 Okb) mutagenesis 
V A，I J 
M^ 
V 
Figure 4: Site^irected mutagenesis of pPN7 
pPN7 was used as the starting plasmid for site^irected mutagenesis. The resulting 
plasmid (pBluescripty'phas*) has an AccI site behind the phaseolin coding sequence and a 
NdeI site in the phaseolin promoter region removed. 
37 
BamHI AccI NdeI 
ter sp pro NotI 
，[ ] r NdeI 
s ^ phas coding   




^ 1 ^ 
AccI 
Cut with BamHI and NotI 
Fill in to make blunt ends 
V 
NdeI AccI 
^ [ y 
_ ^ — — _ s a _ _ phascoding ter 4.1kbfragment 
region 1 (bluntends) 
> 




H3 pro sp Y yter 
phas coding . ^ ^ 





Figure 4: Site-directed mutagenesis ofpPN7 (continued) 
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3.2.2.4.3 PCR amplification ofLRP 
Polymerase chain reaction was carried out using pWBLRP-3 
(Sun et al., 1998) carrying the full length LRP cDNA (Fig. 2-1) as 
template. A 25 ^1 reaction mixture containing 20ng pWBLRP-3, 
1.5 mM MgCl2, 0.2 mM dNTPs, 1 ^ iM pLys-2 (Fig. 3), 1 ^ iM pLys-
3 OFig. 3) and 2.5 units thermoprime + DNA polymerase 
(Advanced Biotechnologies) was used to amplify the LRP cDNA 
sequence. The resulting PCR product contained the LRP cDNA 
sequence flanked by AccI and NdeI sites (Fig. 5). The PCR 
conditions were as follows: 30 cycles of 95�C for 1 minute, 51�C 
for 1 minute and 72T for 1 minute followed by 1 cycle o f72T for 
7 minutes. 
3.2.2.4.4 tosertion ofLRP into plasmid pBK/phas* 
The LRP coding sequence generated from PCR 
amplification (Fig. 5) was first digested with NdeI and AccI, and 
inserted between the NdeI & AccI sites ofpBK^phas*，resulting in 
recombinant plasmid, pLRP-2. This plasmid contains the chimeric 
gene consisting of the phaseolin promoter，signal peptide, LRP 
coding sequence and phaseolin temiinator. Sequencing was 
performed, by using two specific primers, pPha-1 and pPha-2 (Fig. 
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Figure 5: Construction of LRP chimeric gene, pBn^RP-2 
The LRP cDNA sequence in pWBLRP-3 was amplified by PCR. The PCR 
product was then placed in between the 5，and 3' regulatory regions of 
phaseolin gene with the phaseolin signal peptide sequence in front ofthe LRP 
cDNA. The resulting chimeric gene was inserted into the Agrobacterium 
binaty vector (pBI121) for transformation. 
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3.2.2.4.5 Msertion of plasmid pLRP-2 into Agrobactereium binary 
vector 
Recombinant plasmid pLRP-2 was digested with Hind III 
and inserted into the Agrobacterium binary vector, pBI121 
(Clontech, USA)，which carries the neomycin phosphotransferase 
II (NPTII) selectable marker and p-glucurondiase (GUS) 
screenable marker genes. The resulting plasmid was named 
pBH.RP-2. 
3.2.2.5 Transformation of Agrobacterium with pBELRP-2 
pBn.RP-2 and pBI121 were transformed into Agrobacterium 
GV3101/pMP90 by electroporation (refer to 3.2.1.5). 
3.2.2.6 Vacuum infiltration transformation of Arabidopsis 
Agrobacterium GV3101/pMP90 harboring pBn.RP-2 or pBI121 
was transformed into Arabidopsis (refer to 3.2.1.6). 
3.2.2.7 Selection of transgenic plants 
This was carried out as described in 3.2.1.7. Due to time limitation, 
the R2 seeds were harvested and stored at 4^C for future selection and 
study. 
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3.3 Results and discussion: 
3.3.1 Targeting LRP to protein bodies 
3.3.1.1 Morphology of transgenic Arabidopsis 
Jxi general, transgenic Arabidopsis seeds germinate efficiently and 
the morphology of most Arabidopsis transformants including the seeds 
appeared to be similar to that of the imtransfomied plants. However, a 
few transformants were smaller than the untransformed plants. They were 
shorter with smaller leaves and did not form seeds at all. These 
abnormalities may have resulted from the inserted DNA that had 
interrupted the genes controUing normal development of the plants. 
3.3.1.2 Selection of transgenic plants 
Arabidopsis (Ro) plants were used for transformation with pBILRP_ 
2 or pBI121 (control). After self-fertilization of the Ro plants, their seeds 
(R1) were selected for transformants on MS/kanamycin plates (Fig. 6). 
Transformants that appeared as deep green plantlets could be grown on 
selection plates because they contained the kanamycin resistant gene 
(NPTII gene from pBI121 vector). Most R1 plants were expected to be 
hemizygous for the transgene because the chance for two chromosomes 
to pair up and lead to homozygous state for the transgene was very small. 
Only one transformant (R1) was moved to soil from any one plant that 
was infiltrated to ensure independent transformants. As a result, 
independent transformants with different expression levels of the 
transgenes were recovered. We could therefore select for transformants 
with high LRP expression. pBHJRP-2 ^protein body targeting construct) 
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Figure 6: Selection ofRl transgenic plants 
Sterilized pBELRP-2 transformed R1 seeds were plated on MSy :^an plate. 
After 2 days at 4®C, the seeds were incubated in a growth chamber at 
lTC for about 2 weeks. 
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and pBI121 (control) transformants were allowed to undergo self-
fertilization. However, due to time constraints, only R2 seeds were 
obtained in this part of the study and the seeds were stored for fixture 




Figure 7: Seed harvesting ofRl transgenic plants 
pBn.RP-2 R1 transformants were allowed to undergo self-fertilization. 
Their R2 seeds were harvested and stored for future investigation. 
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3.3.2 Targeting LRP to cytosol 
3.3.2.1 Morphology of transgenic Arabidopsis 
As in the pBn.RP-2 transformation study, the morphology of most 
Arabidopsis transformants including the seeds was similar to that of the 
untransformed plants, with a few transformants showing abnormalities 
including shorter plants, smaller leaves, and no seed formation. 
3.3.2.2 Selection of transgenic plants 
Arabidopsis (Ro) plants were used for transformation with 
pBILRP-1 or pBI121 (control). After self-fertilization of the Ro plants, 
their seeds (R1) were selected for transformants on MS/kanamycin plates 
(Fig. 8). Again, most R1 plants were expected to be heterozygous for the 
transgene. Only one transformant ¢¢.1) was moved to soil from any one 
plant that was infiltrated to ensure independent transformants. As a result, 
independent transformants with different expression levels of the 
transgenes were recovered. We could therefore select for transformants 
with high LRP expression. pBILRP-1 (cytosol targeting construct) and 
pBI121 (control) R1 transformants were allowed to undergo self-
fertilization and their seeds (R2) were plated on MS/kanamycin plates to 
select for transformants with single gene insertion (Fig. 9). If the 
transformation event only happened in one locus, the genetic analysis was 
expected to be straight-forward. According to Mendel's law, for 
monohybrid inheritance, three-forths of the R2 progenies would grow and 
one-forth would die on the selection plates. By Chi-square analysis, 
transgenic plants (appearing deep green) from those plates in which three-
forths ofthe plated seeds survived were selected for further growth and 
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Figure 8: Selection ofRl transgenic plants 
Sterilized pBILRP-1 transformed R1 seeds were plated on MS/kan plate. 
After 2 days at 4°C, the seeds were incubated in a growth chamber at 
22�C for about 2 weeks. 
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Figure 9: Selection ofR2 transgenic plants for single gene insertion 
About 50 sterilized transgenic seeds were plated on MS/^anamycin plate 
for selection of transgenic plants with single gene insertion. After 
incubation at 4�C for 2 days, the seeds were placed in a growth chamber 
at 22°C for about 2 weeks. The sector on the left hand side contained wild 
type control plants while that on the right hand side contained pBEJRP-l 
transformants. 
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self-fertilization. Table 1 summarizes the Chi-square analysis for the 
selection o f R l plants for single gene insertion. Eight pBHJRP-l plants (# 
A:l-3, A:2-2, A:4-1, A:6-5, A:8-1, A:10-1, A:13-2 & A:14-2) and two 
pBI121 plants (# C:8-2 & C:10-1) were selected for further analysis. 
Again, these selected pBILRP-1 and pBI121 R2 plants were allowed to 
undergo self-fertilization. Their seeds CR3) were selected for 
homozygosity for the transgene by plating about 50 seeds in the selection 
plate (Fig. 10). Transgenic lines with all their plated seeds survived on the 
plate were homozygous and allowed to grow. Table 2 summarizes the 
results ofR3 plants selection. Four pBHJRP-l plants (# A:l-3-3, A:2-2-2, 
A:4-l-7 & A:10-1-1) and two pBI121 plants (# C:10-l-3 & C:10-l-5) 
were selected. The seeds of these homozygous R3 plants were used to 
analyze the expression of LRP. From Table 2，one plant still failed the 
test among the pBILRP-1 transformants, # A:l-3-3 & A:2-2-2, and the 
pBI121 transformants, # C:10-l-3 & C:10-l-5，tested. This may be due to 
either seed contamination or mutation. Those transgenic lines still having 
one-forth of their progenies died were heterozygous and require 
additional round ofhomozygous selection. 
3.3.2.3 Detection ofGUS activity 
The homozygous pBILRP-1 and pBI121 transformed plants were 
assayed for GUS gene expression. All the four pBH^RP-l transformants 
(# A:l-3-3, A:2-2-2, A:4-l-7 & A:10-1-1) and two pBI121 transformants 
(# C:10-l-3 & C:10-l-5) turned deep blue after GUS staining. Fig. 11 
showed that transgenic plant tumed deep blue while untransformed plant 
remained colorless after GUS staining and removal of chlorophyll, 
indicating that the GUS marker gene was active in the transgenic plant, 
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Table 1: Chi-square analysis ofR2 transgenic plants 
Ten pBILRP-1 (A) and two pBI121 (C) transformants were subjected to 
kanamycin selection to identify single locus insertion lines. A 
transformant that can pass the assumption of survival number:death 
number = 3:1 in the R2 progenies is indicated as “+’，，which means 
“passed” while “-” means “failed” in the chi-square test. 
>lants Total # # survived # died Chi-square 
A:l-3 48 “ 38 — 10 一 + 
A:2-2 49 38 U j t  
A:3-1 45 — 44 1 ： 
A:4-1 40 30 1^ + 
A:6-5 49 一 42 _7 j t  
A:8-1 41 31 l_0 _j:  
A:10-1 45 一 37 8 J：  
A:12-2 42 39 _3 j：  
A:13-2 49 39 10 _±  
A:14-2 44 _ ^ _6 _±  
C:8-2 30 — 24 6 _t  
� : 1 0 - 1 47 41 6 + 
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Figure 10: Selection of R3 transgenic plants for homozygosity 
pBDJRP-l transformed plants were selected for homozygosity by plating 
about 50 (R3) seeds in the selection plate. The upper portion of the plate 
contained pBDLRP-1 transformants while the lower portion contained 
wild-type plants. 
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Table 2: Selection ofR3 plants for homozygosity 
R3 seeds of six pBn.RP-1 (A) and four pBI121 (C) transformants were 
plated in selection plates to select for homozygosity with respect to the 
transgene. 
1piants |Total# |#survived |#died 
A:l-3-3 43 42 1  
A:2-2-2 46 45 1  
A:4-l-7 48 48 _0  
A:6-5-l 52 37 U  
A:8-l-6 49 37 U  
A:104-l 51 51 _0  
C:10-l-3 — 26 _ ^ 1  
C:10-l-4 42 28 U  
C:10-l-5 29 28 1  
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Figure 11: GUS staining of transgenic plants 
Young seedlings about 1cm long were placed in GUS assay solution and 
incubated at 3TC. After ovemight incubation, 70 % ethanol was added to 
eliminate the interference of chlorophyll. The plant on the left was 
pBILRP-l transformed while that on the right was wild-type. 
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Although the expression of the GUS gene did not necessarily indicate that 
the LRP gene was also expressed, this assay does provide an easy and fast 
way to monitor the presence of transgene in a transformed plant. 
3.3.2.4 toegration ofLRP transgene into Arabidopsis genome 
Genomic DNA was isolated from transgenic and wild-type 
Arabidopsis leaves and analyzed by gel electrophoresis. As shown in Fig. 
12, all the uncut DNA samples appeared as one major band, with 
molecular weight in the range of over 13 kb. When the genomic DNA 
was cut with HindIII enzyme, a smear was appeared, indicating that the 
DNA is digestible by restriction enzyme(s). 
PCR was carried out using the genomic DNA as template in the 
presence of specific primers, pLys-1 and pLys-2 (Fig. 3). As revealed in 
Fig. 13，all the four pBDJRP-l clones showed a DNA band of about 500 
bp, the expected size ofLRP insert, while the two pBI121 clones and the 
wild-type plant did not, indicating that the LRP transgene was integrated 
into the plant genome. 
The integration of the chimeric LRP gene into the Arabidopsis 
genome was further confirmed by Southem blot analysis ofDNA isolated 
from Arabidopsis leaves. Using the coding sequence of LRP cDNA as a 
probe, an EcoRI fragment of about 5.3 kb, the expected size of LRP 
construct, was found to hybridize. This hybridization only occurred with 
the genomic DNA from the pBE^RP-l transgenic plants, but not with the 
pBI121 transformants and untransformed plants (¥ig. 14). Genome 
reconstruction analysis showed that most transformants (# A:l-3-3, A:2-
2-2 and A:10-1-1) contain a single copy of the LRP chimeric gene. But, 
54 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
m ^ ^ ^ ^ 
^ _ _ 1 2 2 1 6 bp 
^^^P^^^^^'^W^^^^^^^ 5'WipW^HPPPt I 
rfBI__iBiBi^^^B^^S^^^^^^^^^^^^^^^( 
^ . J 1636 bp 
d ' ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ g ^ ^ j ^ j | j j U | 2 | 
g m i i g i i _ _ p 
Figure 12: Gel electrophoresis of genomic DNA from transgenic 
Arabidopsis leaves 
Genomic DNA was isolated from leaves of wild-type, pBBLRP-1 and 
pBI121 homozygous plants. The DNA was resolved by gel 
electrophoresis in a 1 % agarose/TAE gel Lanes 1, 3, 5, 7, 9, 11, and 
13 contained uncut DNA samples ofpBBLRP-1 # A:l-3-3, # A:2-2-2, 
# A:4-l-7, # A:10-1-1; pBI121 # C:10-l-3 and C:10-l-5; and wild 
type, respectively. Lanes 2，4, 6, 8, 10, 12 and 14 represent DNA cut 
with Hind III, respectively; 15, lkb DNA marker (Gibco). 
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IPWP^y^^^^^^^PHPiPm 100 bp 
Figure 13: PCR analysis of genomic DNA from transgenic 
Arabidopsis leaves 
Genomic DNA from wild-type, pBBLRP-1 and pBI121 homozygous 
transformants were PCR analyzed using specific primers, pLys-1 
and pLys-2 (Fig. 3). Lanes 1, pBILRP-1 # A:l-3-3; 2, pBILRP-1 # 
A:2-2-2; 3，pBDJRP-1 # A:4-l-7; 4, pBn.RP-1 # A:10-1-1; 5, 100 bp 
DNA marker (Gibco); 6, pBI121 # C:10-l-3; 7, pBI121 # C:10-l-5; 
md 8’ wild-type, 
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Figure 14: Southern blot analysis of transgenic Arabidopsis 
genomic DNA 
Genomic DNA isolated from wild-type, pBILRP-1 and pBI121 
homozygous transformed plants was digested with EcoRI, separated in 
1.2 % agarose/TAE gel，transferred to nylon membrane and hybridized 
with a probe consisting of the coding region ofLRP. Lanes 1，pBI121 
# C:10-l-3; 2，pBI121 # C:10-l-5; 3，wild-type; 4，pBILRP-1 # A:l-3-
3; 5, pBILRP-1 # A:2-2-l 6，pBILRP-1 # A:4-l-7; 7，pBILRP-1 # 
A:10-1-1; 8，DNA MW marker III，DIG labeled (Boehringer 
Mannheim); 9，one copy of genomic LRP equivalent; and 10，three 
copies of genomic LRP equivalent. 
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transformant # A:4-l-7 appears to contain 3 copies ofthe gene. 
3.3.2.5 LRP transcript in transgenic Arabidopsis 
Total RNA was prepared from developing green siliques and 
subjected to agarose gel electrophoresis to evaluate RNA quality (Fig. 15). 
As shown, two major RNA species，representing the 28S and 18S 
ribosomal RNA, were detected. Although some degradation was apparent, 
the overall RNA quality was sufficient for RT-PCR analysis. 
RT-PCR analysis was carried out using total seed RNA and two 
LRP sequence-specific primers, pLys-1 and pLys-2 OFig. 3). Results 
revealed an amplification product of about 500 bp, the expected LRP 
product size, for the pBE^RP-l transformants but not for the pBI121 
transformants and wild type plants OFig. 16). When reverse transcriptase 
was omitted (Fig. 16, lanes 2, 4, 6，8, 11，13 &15)，the 500 bp band was 
not detected in the PCR products, indicating that the LRP-specific 
product was not due to contamination of genomic DNA. The amount of 
the 500 bp LRP specific product varied in different transformants. 
Transformant # A:10-1-1 showed highest level while others had lower but 
similar levels. This appears to indicate that transformant # A:10-1-1 is a 
high LRP expressor. However, RT-PCR analysis may not be quantitative 
and Northern blot analysis will be a better procedure for RNA level 
quantification. Nevertheless, as Arabidopsis produces very small flowers 
and tiny seeds, it is very difficult, if not impossible, to tag the flowers for 
discrete developmental stages and to collect their maturing seeds for 
Northern blot analysis. Efforts were made to carry out such study, but the 
results (not shown) were not satisfactory. 
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Figure 15: Gel electrophoresis of total RNA isolated from 
maturing transgenic Arabidopsis siliques 
RNA was isolated from maturing siliques of wild-type, pBILRP-l and 
pBI121 homozygous transformed plants. The RNA was resolved by 
electrophoresis in a 1 % agarose/TAE gel Lanes 1, pBDLRP-1 # A:1_ 
3-3; 2, pBn.RP-1 # A:2-2-2; 3, pBE^RP-l # A:4-l-7; 4, pBILRP-1 # 
A:10-1-1; 5, pBI121 # C:10-l-3; 6, pBI121 # C:10-l-5; and 7, wild-
type. 
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Figure 16: RT-PCR of total RNA from maturing transgenic 
Arabidopsis siIiques 
Total RNA isolated from maturing siliques of wild-type, pBE^RP-l 
and pBI121 homozygous transformed plants was used to prepare 
cDNA by the RT-PCR procedure. LRP specific primers, pLys-1 and 
pLys-2 OFig. 3) were used in the amplification. Lanes 1 and 2, 
pBILRP-1 # A:l-3-3; 3 and 4, pBILRP-1 # A:2-2-2; 5 and 6, 
pBILRP-1 # A:4-l-7; 7 and 8, pBILRP-1 # A:10-1-1; 9, 100 bp 
DNA marker (Gibco); 10 and 11, pBI121 # C:10-l-3; 12 and 13， 
pBI121 # C:10-l-5; and 14 and 15, wild type. Lanes 1, 3, 5, 7, 10, 12 
and 14, with addition of reverse transcriptase while lanes 2, 4, 6，8, 
11, 13 and 15, without addition of reverse transcriptase. 
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3.3.2.6 Stable accumulation ofLRP in transgenic Arabidopsis 
Transgenic Arabidopsis plants were analyzed for their 
accumulation ofLRP. Total seed protein was separatedby 16.5 % tricine-
SDS-PAGE OFig. 17). As shown, an extra protein band of about 18kD 
was found in the four pBILRP-1 transformed plants but not in the pBI121 
transformants and wild type plants. This extra protein may represent the 
LRP as it had a size comparable to that of the 18 kD LRP. The quantity of 
the putative LRP accumulated in seeds varied in different transformants 
and transformant # A:4-l-7 expressed the highest amount of LRP (Fig. 
17). The variation in the LRP quantity among these four transgenic lines 
is consistent with their copy number. Transformant # A:4-l-7 with 3 
copies ofthe transgene produced the most LRP while the other three lines 
with only 1 copy made less LRP. However, variation in the accumulation 
of the putative LRP in transgenic Arabidopsis was not consistent with 
their mRNA levels as revealed by RT-PCR analysis. This may due to the 
fact that RT-PCR analysis does not necessarily give an accurate 
estimation of the mRNA level. Comparison of the intensity of the 
putative LRP band to that of the rest of the protein components in the 
seeds, the expression levels of LRP in the four transgenic seeds were 
estimated to be 3 to 10 %. Due to both time and space limitations, we 
have not exhaustively searched for transgenic plants with even higher 
expression levels. 
To further confirm that the 18 kD protein appeared in the total 
protein of the transgenic seeds is indeed LRP, total seed protein was 
separated by 10-20 % gradient tricine-SDS-PAGE (Bio-Rad precasted gel) 
and electroblotted to polyvinylidene difluoride ^^VDF) membrane ^Fig. 
18). The putative 18 kD lysine-rich protein band was excised and 
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Figure 17: SDS-PAGE analysis of the protein profiles of transgenic 
Arabidopsis seeds 
Total seed protein was extracted from mature Arabidopsis seeds of wild-
type, pBILRP-1 and pBI121 homozygous transformed plants. Fifteen jiig 
protein was separated by 16.5 % tricine-SDS-PAGE followed by staining 
with Coomassie Brilliant Blue. Lanes 1, Sigma low range protein marker 
(6.5 kD, 14.2 kD, 20 kD, 24 kD ,29 kD, 36 kD, 45 kD & 66 kD), 2, wild-
type; 3, pBI121 # C:10-l-5; 4, pBI121 # C:10-l-3; 5, pBE.RP-1 # A:10-
1-1; 6, pBILRP-1 # A:2-2-2; 7，pBILRP-l # A:l-3-3; 8, pBILRP-1 # A:4-
1-7. 
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Figure 18: EIectrotransfer of total seed protein of transgenic 
Arabidopsis onto PVDF membrane for protein sequencing 
Total seed protein was extracted from mature seeds of homozygous 
transgenic Arabidopsis. 10 路 protein was separated by 10-20 % tricine-
SDS-PAGE. Protein was electroblotted to polyvinylidene difluoride 
gPVDF) membrane by the Trans-Blot SD semi-dry cell (Bio-Rad) and 
stained with Ponceau S stain. The putative 18 kD lysine-rich protein was 
excised for N-terminal protein sequencing. Lanes 1 & 2，pBDJRP-l # 
A:l-3-3; 3 & 4, pBILRP-1 # A:2-2-2; 5 & 6, pBHJOM # A:4-l-7; 7 & 8, 
pBELRP-1 # A:10-1-1; 9, Sigma low range protein marker (6.5 kD, 14.2 
kD, 20 kD, 24 kD，29 kD, 36 kD, 45 kD & 66 kD). 
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subjected to N-terminal protein sequencing. Table 3 summarized the 
sequencing results. For all the four transgenic plants, the sequences ofthe 
N-terminal 15 amino acids of the putative 18 kD protein matched exactly 
with that of the deduced amino acid sequence of the LRP clone (Fig, 2-2). 
This clearly showed that the transgenic winged bean LRP could be stably 
accumulated in Arabidopsis seeds to significant levels. 
3.3.2.7 Amino acid analysis of seed protein 
Total seed protein was subjected to amino acid analysis. As shown 
in Table 4，total amino acid content of each sample was around 20 
mmol/g protein. When compared to the wild-type sample, transgenic 
plants # A:2-2-2 & A:4-l-7 showed 6.45 % and 5.68 % increases in the 
lysine content, respectively. However, transgenic plants # A:l-3-3 & 
A:10-1-1 had less lysine than the wild-type plant. Transgenic control 
plants # C:10-l-3 & C:10-l-5, representing plants transformed with 
vector alone but no LRP gene insert, had lysine content increased by 3.53 
% and 4.76 %, respectively. On the whole, lysine content was thus not 
consistent between and within transgenic and control plants. Possible 
explanations include position effect of gene insertion; the integration of 
the transgene disrupting the expression of some endogenous lysine-rich 
proteins, leading to an overall unchange in the lysine content; limitation 
of free lysine pool in the seeds, so that the high expression of the LRP 
was compensated by suppression of other native lysine-rich proteins; and 
possible experimental errors affecting the quantitation of lysine. A 
combination of these factors, however, is possible, leading to 
inconsistency and low levels of change in lysine content. 
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Table 3: N-terminal amino acid sequences of the putative 18 kD LRP 
protein from transgenic seeds 
The putative 18 kD lysine-rich protein band of the transgenic seed 
proteins was excised from the PVDF membrane and sequenced by the 
automated HP G1005A N-terminal protein sequencing system (Hewlett 
Packard). 
N-terminal ~~Putative 18-kD LRP from homozygous transgenic~~ Deduced 
amino acid plants LRP cDNA 
sequence sequence 
# A:l-3-3 杯 A:2-2-2 # A:4-l-7 # A:10>l-1  
1 "G G G _G _G  
2 V V V V _y  
3 1^ T ~ ~¥~" F J  
4 "T T T T ^ ^ H _ I  
5 "Y Y T " Y _Y  
6 ~E E E E — E  
7 ^ D D D D  
8 ~E i " 1 ~ E _E  
9 "T T Y~ T T  
10 T T T — T ~ T  
11 i ^ S ^ ^  
12 P P ？ _P X  
13 "V V 1 V _V  
14 A A A A _A  
"l5 | p | p | P | P | P 
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Table 4: Amino acid analysis of seed protein 
Total seed protein of transgenic Arabidopsis was subjected to amino acid 
analysis. Data presented is the average of five separate hydrolyses of one 
preparation of total Arabidopsis seed protein. The standard deviation ( 1 0 ’ 
is shown in parenthesis below each value. The content (mmoVg protein) 
of 16 amino acids was determined in wild type and transgenic plants. 
Total (mmol/g), total amount of the 16 amino acids expressed as mmol/g; 
Lys (%), percentage of lysine out of the 16 amino acids; Lys A (%), 
change in lysine content in transgenic plants in comparison to wild type 
plant 
Plant Amino acid (mmoyg) 
ASP THR SER GLU PRO GLY ALA VAL MET ILE LEU TYR PHE HIS LYS ARG Total Lys Lys A 
_ _ _ _ J jmmol/g) (%) (%) 
Wild 1 57 0 94 1.18 4.24 1.74 2.45 1.37 1.02 0.11 0.77 1.46 0.34 0.87 0.44 1.38 1.31 21.2 6.51 -
j [ ^ m i a i j [ I L l ^ i ^ ^ ^ l Z i L J ^ i L ^ i M L ^ ^ i i ^ ^ ^ : ^ Q  
A-l-3-3 2 10 1 15 1.40 4.46 1.78 2.44 1.64 L25 0.05 0.89 1.71 0.42 0.90 0.47 1.45 1.33 23.4 6.20 4.76 
(16) (5.7) q.3) (25) C7.5) (9.4) f6.9^ r5.5) (4.9) (3.6) (7.4) (3.2) (4.5) (2.0) (5.8) (4.5) 
A-2-2-2 1 53 0.93 1.17 3.87 1.64 2.18 1.35 0.96 0.08 0.70 1.36 0.36 0.77 0.41 1.38 1.17 19.9 6.93 +6.45 
r^?^ nd^ nx^ r6 7^  r2.4^ Q.3^ (2A) (2.7) (1.8^ (2.2) (2.7) (0.5) (1.5) (0.7) (2.3) (2.7) 
A-4-1-7 2 14 1 22 1.48 4.60 1.88 2.57 1.75 1.31 0.09 0.95 1.74 0.43 1.02 0.51 1.70 1.34 24.7 6.88 +5.68 /^^^ HQ^ rSR^ n4^ n.R) r6.9^ n.9^ rs.6^ r4.9^ a,2) (4.2) g.0) q.8) (1.1) (3.7) (2.8) 
A-iO-1-1 2 06 1.12 1.37 4.51 1.84 2.38 1.57 1.11 0.12 0.80 1.63 0.41 0.98 0.46 1.48 1.36 23.2 6.38 -2.00 
rs7^ r?R^ r:>.2^  r7.8> r2.0^ G.6^ ri8^ a.8^ a.5) a n (3.3) (0.8) C2.1) (0.7) (2.4) (2.1)  
C lO-1-3 170 1.00 L20 4.33 1.80 2.37 1.38 1.03 0.10 0.75 1.45 0.36 0.82 0.44 1.45 1.32 21.5 6.74 +3.53 
^«n H(>^ ao^ ns^ a n fS.2^ (Am (2.G) a.5^ fl.8) (3.3) g . l ) (1.8) (1.7) (4.4) (5.2) 
C lO-1-5 1.67 0.97 1.14 3.90 1.62 2.15 1.31 0.94 0.11 0.68 1.33 0.35 0.74 0.40 1.35 1.17 19.8 6.82 +4.76 
1(1.8) 1(1.4) 1(2.5) 1(8.7) l(3.4)|(5.2) |(2.1) l(2.2) |(1.4) |(1.9) l(2.0) |(0.6) 1(1.2) 1(0.9) l(2.5) |(2.5)  
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Chapter 4: General discussion 
The ability to genetically transform plants now adds a new 
dimension to breeding because it eliminates the barriers of sexual 
reproduction and greatly extends the pool of genes from which we can 
draw for introduction into crop plants. Among the five molecular 
strategies discussed before, it seems that the heterologous gene 
expression method is most successful. For example, Albenbach et al. 
(1989 & 1992) replaced the phaseolin gene coding sequence with the 
Brazil nut protein coding sequence. This translational replacement 
resulted in Brazil nut protein accumulation representing up to 8 % of 
transgenic tobacco seed protein and 4 % of transgenic canola. Methionine 
content of these seeds was shown to increase by about 30 % in both 
tobacco and canola. Therefore, the approach of heterologous gene 
expression was used in our study. Nevertheless, it is believed that the 
combination of both classical breeding and innovative genetic 
engineering methods is a logical approach for improving plant protein 
quality. 
As shown in the past literatures, the amount of introduced protein 
in transgenic plants is generally low, mostly less than 2 % of the total 
protein. The low level accumulation of these proteins may be due to 
several possible reasons. For example, these proteins may not be 
processed or transported properly following their synthesis, or they may 
be degraded by proteases. Also，the promoters of the introduced seed 
protein genes may function less efficiently in the heterologous seeds. Jn 
our study, the phaseolin promoter was used to express the lysine-rich 
protein because it is a strong seed-specific promoter (Ma et al., 1978). 
Therefore, the phaseolin promoter should be a good candidate for 
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expressing the lysine-rich protein in transgenic Arabidopsis. 
Until now, there is no publication on the isolation of lysine-rich 
protein gene from other than the winged bean plants (Sun et al., 1998b) 
and no report on the expression of a lysine-rich protein in transgenic 
plants. From our study, it was found that the winged bean LRP could be 
stably expressed and accumulated in transgenic Arabidopsis seeds to 
significant levels (3-10 % as total protein), as visualized by the SDS-
PAGE protein profiles. However, variations in the level of protein 
accumulation and low levels of change in lysine content were observed. 
This is in contrast to the 8 % accumulation of the Brazil nut methionine-
rich protein in transgenic tobacco seeds resulting in a significant increase 
(30 %) in the methionine levels (Altenbach et al. 1989). A combination of 
factors could lead to such non-significant increase in the lysine content of 
transgenic Arabidopsis, These include: position effect of gene insertion; 
tiie integration of the transgene disrupting the expression of some 
endogenous lysine-rich proteins, leading to no overall change in the 
lysine content; limitation of free lysine pool in the seeds, so that the high 
expression of the LRP was compensated by suppression of other native 
lysine-rich proteins; and possible experimental errors affecting the 
quantitation oflysine. 
As the SDS-PAGE results of the transgenic protein profiling 
clearly established that the LRP could accumulate up to 10 % of the total 
protein, yet no significant enhancement in lysine content was observed, 
we are led to favor the possibility that the pool of free lysine in 
Arabidopsis may be limited. As a result, other native proteins, especially 
those relatively rich in lysine, could have been suppressed in synthesis, 
leading to no significant change in the total protein lysine content. In 
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order to enlarge the free lysine pool, metabolic engineering of the lysine 
synthesis pathway in plant will be a possible molecular strategy. For 
example, Falco et al. (1995) expressed the lysine-feedback-insensitive 
bacterial dihydrodipicolinate synthase and the aspartate kinase enzymes 
in transgenic canola and soybean seeds, resulted in a significant increase 
in the free lysine content. Our laboratory is currently genetically 
manipulating the genes encoding enzymes involved in the aspartate-
family pathway, and transgenic plants with increased free lysine pool wiU 
be a good system to test our lysine limitation hypothesis. 
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Conclusion 
The winged bean lysine-rich protein can be expressed and stably 
accumulated at significant levels (3-10 %) in the cytosol of transgenic 
Arabidopsis via gene transfer methods. However, no significant increase 
in the lysine content of transgenic Arabidopsis seed was observed. 
Further enhancement studies and strategies are thus justifiable and 
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